Composite weaning foods using cereals, legumes and vegetables were formulated and analyzed for nutrients, functional properties, sensory attributes and storage stability. Germinated, dried and dehulled legumes, green gram (Phaseolus aureus) and lentil (Lens culinaris) and wheat, rice, carrot and skim milk were mixed in different proportions to get four different formulations, roller dried and analysed for various parameters. The results showed following range of constituents per 100 g of formulation, protein, 18.1-18.9 g; fat, 0.78-1.36 g; iron, 5.09-6.53 mg and calcium, 265-310 mg. Wheat+green gram based food had lowest water absorption capacity whereas rice+lentil based sample had highest. Overall sensory qualities of all four prepared foods were graded as "good" and "very good" with no significant differences. All formulations could be stored for 6 months at room temperature. The results confirm that formulated weaning foods were nutritionally superior, functionally appropriate, microbiologically safe and organoleptically acceptable.
Introduction
Although breast milk is adequate to meet the energy and nutrient requirements of an infant up to four to six months of age, thereafter it is insufficient to sustain normal growth and needs to be supplemented with other foods, such as weaning foods. However, the capacity of a weaning diet to meet the protein and energy requirements of infants depends on its nutritional quality as well as its dietary bulk. Under the present socio-economic situation in developing countries, the best means of helping enhance the nutritional status of the people is by encouraging increased use of inexpensive and available plant protein sources such as legumes in child feeding. This can be achieved through legume supplementation of cerealbased weaning foods. However, their role appears to be limited because of several factors including low protein and starch digestibility, poor mineral bioavailability and high antinutritional factors (Kataria et al., 1989; Negi et al., 2001; Rao and Prabhavathi, 1982; Kamchan et al., 2004; Savelkoul et al., 1992; Ramulu and Udayasekhara, 1997; Das et al., 1999) . It has been reported that protein and thiamin (Sattar et al., 1989) , mineral bioavailability (Rao and Prabhavathi, 1982; Ghanem and Hussein, 1999) and protein and starch digestibility (Kataria et al., 1992; Preet and Punia, 2000) increased, whereas phytic acid (Kataria et al., 1989; Sattar et al., 1989; Ayet et al., 1997; Ahmadzadeh and Prakash, 2007) and tannin (Savelkoul et al., 1992; Ayet et al., 1997; Ahmadzadeh and Prakash, 2007) decreased during germination of legumes.
Legumes are known to contain lysine in a quantity that exceeds the requirements for human but with the low content of sulphur amino acids. Cereals, on the other hand, are high in sulphur amino acids but deficient in lysine. A mutual complementation of amino acids and consequent improvement in protein quality is therefore achieved when legumes are blended with cereals in the right proportions.
Materials and Methods
Formulating and processing of weaning food Green gram (Phaseolus aureus) and lentil (Lens culinaris) were obtained from local market. Legume seeds were cleaned, washed and soaked in 4-5 volumes of water (22-25℃) for 12 h under ambient laboratory conditions. At the end of the period, germination was done for 24 h and then the seeds were dried in a cabinet dryer (Magumps, Mumbai, India) at 50 ± 5℃ for 16-18 h and dehulled in a dehusker (DM-54; Designed and developed by Central Food Technological Research Institute, Mysore, India) . Samples of wheat (Triticum aestivum), rice (Oryza sativa), skim milk and carrot powders were procured from local market. Dehulled (after germination) green gram and lentil seeds were milled to flour in a plate mill (TQ-25; Bhavani Industries, Bangalore, India). Whole wheat was roasted in a cylindrical roaster for 10 min at 110℃ and milled in plate mill. Rice also was milled in plate mill. Four weaning foods were formulated with 60% roasted wheat flour or rice flour, 25% germinated and dehulled green gram or lentil flour, 10% skim milk powder and 5% carrot powder. These were called as (WG) wheat and green gram based, (RG) rice and green gram based, (WL) wheat and lentil based, (RL) rice and lentil based weaning mixes. The formulated weaning foods were made to 30% slurry with water, homogenized in a colloidal mill (95-R; Fryma Machiness AG, Switzerland) and then roller dried in a double drum drier (NS-06; Esher Wyss, Germany). The products were milled in a hammer mill (ML-56; Apex Constructions, UK) and packed in Low Density Poly Ethylene (LDPE) and metalized polyester bags. The bags were stored at room temperature till further analysis.
Nutritional characteristics Moisture, fat and ash contents were estimated by standard AOAC methods (AOAC, 1990) . The nitrogen content was estimated by Kjeldhal method, based on the assumption that plant proteins contain 16 % nitrogen, protein content was calculated using the formula, protein= nitrogen × 6.25. Carbohydrate content was calculated by difference. The samples were ashed in a muffle furnace and ash solution was prepared using dry ash. Iron was estimated colorimetrically by α-α-dipyridyl method (AOAC, 1990) . Calcium was analysed by precipitation as calcium oxalate and subsequent titration by potassium permanganate (AOAC, 1990) . Phosphorous was estimated colorimetrically by Taussky and Shorr method (1953) . Insoluble and soluble dietary fiber was analyzed by separation of non-starch polysaccharides by enzymatic gravimetric method (Asp et al., 1983) .
Functional properties The water absorption capacities (WAC) of the samples were determined by the centrifuge technique described by Janicki and Walczak (1954) . Bulk densities of the samples were determined by the method of Kinsella (1976) . Percent dispersibility was determined according to the method of Kulkarni et al. (1991) .
Storage study i) Moisture sorption isotherm Moisture sorption isotherm of four formulated weaning foods were determined at room temperature (~ 25℃) using the principles and methods described by Labuza (1985) .
ii) Microbial study Total colonies of four weaning food samples grown in a solid medium after aerobic incubation at 37℃ were counted by ISO method No. 4833 (1991) . iii) Sensory evaluation The four formulated weaning foods were evaluated for sensory parameters at 0, 2, 4 and 6 months of storage at room temperature. They were mixed with water to a dropping consistency and then evaluated for color, smoothness, stickiness (easy to swallow), aroma, taste and overall quality using following scale; excellent (9-10); very good (7-8); good (5-6); fair (3-4); and poor (1-2). The score card developed for this purpose was given to a panel consisting of 30 panelists (semi-trained). The different products were ranked for individual quality attributes and also to score for overall quality on a 10 point scale.
Statistical analysis The analysis was carried out in four replicates for all determinations. The mean and standard deviation of means were calculated. The data were analyzed by one-way analysis of variance (ANOVA). A multiple comparison procedure of the treatment means was performed by Duncan's New Multiple Range Test (Duncan, 1955) . The correlation coefficients were computed and regression equations were made. Significance of the differences was defined as P < 0.05.
Results and Discussion
Nutritional characteristics The nutritional characteristics of the formulated weaning foods are presented in Table  1 . The moisture content of foods ranged from 4.2 to 4.3 g% and their protein content ranged from 18.1 to 19.0 g%. There were significant (P < 0.05) differences between moisture and protein contents of wheat and rice based weaning foods. Fat and ash contents ranged from 0.78 to 1.36 g% and 1.73 to 2.43 g% respectively. WG had the highest fat and ash contents and RL had the lowest which were statistically significant (P ≤ 0.05). These values are similar to values reported for foods developed by other researchers, as Malleshi et al. (1989) and Kshirsagar et al. (1994) for malted cowpea, sorghum weaning food and malted ragi+green gram weaning food, respectively. Carbohydrate contents of rice based weaning foods were significantly (P < 0.05) higher than wheat based weaning foods which were due to higher level of carbohydrate in rice than wheat. Iron, calcium and phosphorous contents were the highest in WG and lowest in RL. The dietary fiber fractions of all the weaning foods were comparatively low, which could be due to incorporation of dehulled legume flours. The total dietary fiber contents were in range of 3.45 to 7.49 g% and significantly different from each other (P < 0.05). This is ideal for weaning foods as infants cannot tolerate higher quantities of dietary fiber.
Functional properties The functional properties of the formulated weaning foods are presented in Table 2 . Water absorption capacity (WAC) gives an indication of the amount of water available for gelatinization. Lower absorption capacity is desirable for making thinner gruels. The experimental formulations had absorption capacities in the range of 465 to 530 g of water for 100 g of sample. The lowest WAC was in case of WG and the highest was in RL sample and the differences were statistically significant (P < 0.05). The bulk density values of WG, WL, RG and RL weaning foods were 60, 62, 59 and 61g/100 mL and were significantly (P < 0.05) different. These values are in agreement with the results reported by Malleshi et al. (1989) for malted sorghum and cowpea (57 g/100 mL) and Wodimu and Malleshi (1996) for malted chickpea based weaning food (72 g/100 mL). The dispersibility of a mixture in water indicates its reconstituability. The higher dispersibility, the better the reconstitution property. The percentage dispersibility of the weaning food formulations were 74, 72, 72 and 78% for WG, WL, RG and RL samples, respectively and the statistical analysis shows that they were significant (P < 0.05) differences in samples with no differences between WL and RG. Kulkarni et al. (1991) studied the percent dispersibility of the sorghum malt based weaning food formulations and a commercial wean- Fig. 1 . The four formulations had similar sigmoid curves. Samples absorbed moisture to about 3-4 % up to 23% Relative Humidity (RH). Then the moisture uptake trends were slow up to 54% RH, where the samples remained free flowing and acceptable. Above 54% RH, the curves showed sharp rise, indicated a rapid pickup of moisture above this relative humidity. The results have thus suggested that moisture contents of 6.1, 5.94, 5.48 and 5.73% for WG, WL, RG and RL formulations, respectively, at RH 54% were found to be critical with respect of absent of mould growth and free flowing characteristics of samples.
Above this level, the product found to become lumpy, so it is desirable to keep the moisture levels lower than mentioned moisture contents. Moisture sorption studies also reveals that weaning food formulations are highly hygroscopic and hence need moisture proof packaging material to protect them especially under high humidity conditions.
Microbiological studies The results of microbiological study of weaning foods during storage period are presented in Table 3 . The results revealed that there were no significant (P < 0.05) differences between bacterial total count of formulations during course of storage up to 6 months at room temperature. The colony counts were much lesser than Indian Standard values (IS: 7021-1973), reported as upper limit of 50,000 colonies per g of sample. So, all four formulations were microbiologically safe for consumption by the children. four formulations at 0, 2, 4 and 6 months of storage at room temperature are presented in Table 4 . Color scores ranged from 5. 35 to 5.96, 5.19-5.48, 6.1-6.66 and 6.01-6 .64 at 0 day in WG, WL, RG and RL weaning foods, respectively. Rice based weaning foods scored higher in color compared to wheat based weaning foods and remained also better during storage period. The higher acceptability of rice based formulations compared to wheat based formulations is due to difference in basic ingredients. Rice based foods were smoother than wheat based ones, and RL had the highest smoothness among all four formulations. Stickiness is a very important sensory parameter in weaning foods, because it represents the ease of swallowing. Results show that WG and RG were less sticky compared to WL and RL weaning foods. Wheat based formulations had better aroma compared to rice based weaning foods, even after 6 months of storage. Overall qualities of WG and RL weaning foods were superior compared to WL and RG formulations and they remained higher in quality at end of storage period.
Results show that there were no significant (P < 0.05) differences in any of the samples in any of the quality parameters during 6 months of storage at room temperature. Scale: Excellent (9-10); Very Good (7-8); Good (5-6); Fair (3-4); Poor (1-2) * Values are expressed as mean ± standard deviation (n =30) WG = Wheat and green gram based weaning food. WL = Wheat and lentil based weaning food. RG = Rice and green gram based weaning food. RL = Rice and lentil based weaning food. SE = standard error All mean scores bearing different superscripts in rows are significantly different on application of Duncan's New Multiple Range Test (P < 0.05).
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Hence, the samples can be stored at room temperature up to 6 months without any significant changes in their acceptability by consumers.
In conclusion, the four types of weaning foods, which were formulated based on rice, wheat, lentil and green gram had desirable nutritional quality and functional properties apart from sensory acceptability and storage stability. Hence, it can be recommended that germinated dehulled legumes can be used in combination with cereals and vegetables for producing composite weaning mixes, which will prove to be of immense benefit especially for young children in developing countries, because of their low cost and ease of preparation.
